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Preface 

The im{»rtana* of K-icniitic rcMTJah Xo the vvdl-lx-ing ot the mXnm has long Ixxn rva^gnizcd by I '.S. 
policymakers. Sintc the mid-l^Hds, in the tkc of cnomums pa^surcs on the bud^vt, faleml invoatncnt 
in hasie researth has grown signifKanlK— faster, in fatt, than nearly am other arra of nonniefoise gu\ern- 
mcnt hpendmg. In spite of this, evtdenee of low morale in the scientifK u>nimunit> has been building sfciiddy 
during this {XTU)d in press rep«>rts, in Congressi«>na! testimony, m t>fxd pieces, and m other publie torums. 

In recent months, these a'{x>r1s have taken on a lom: of greater urgcnex. Colleagues have told me ot se- 
nior rescaahers abt>ut to *1hri>w in the toweP Ixxause iif the loss of long-term grant support, and ot bright 
and pn^mising assistant protessi>rs at top universities unable to get funds to initiate their asearch. When I 
took otViee as I 'resident- KleU of the Anieruan Assoeiatiiin tor the Advancement of Science in Februar. 

1 dcxided ti> hiok m^>a' deepU tnto these ap>rts to see t(' 1 could rc^solve the appaant paradox ot ion- 
tinutng incimHCs in t\:6vrd\ a*scaah funding and gnawing dissatistaction m academic laU>r4tories. 

With the help of the staff 4>f the /VV\M)irectorate for Sc ience and Poliev IVograms, I ctmductai an 
tbrmiil survey of ke\ fauiln ni selected I \S. universities. ITiis apirt, which I submit to the Bijard ot the 
.A.'VAS, descnlx-s the stor\ as told by the nearh 25<* scienUsts who wri)te letters in res{>onsc to n)> in<juir>. 
Limited and intbrmal as it was, the survey tonfirme i m> evfvctafiuns of trouble, but with a depth ot de- 
spair and disctHjragement tbat I have not e\{>enencc\i in my tort\ >cars in science. I have included in the 
a{x^rt my attempts to understand and inferjia-t the situati«»n, to ex-aluate the consetjuemo, and to estimate 
what it might take to u»ract it. 

.■\lthougb the ajTort may {vrhajK aseal mdications ot passion and adv^Ka^y, my umcern t> not tor the 
unhappincNN of my colleagues m science, much a> I luve and value thc-m. My coiucrn is tor the tuture n| 
science in the I 'nited States and tor the profound cultural and it 4>nt»mic benetlt> that HteiKe bniig>. NU 
aim tsto stimulate urgent discuvMon in the widest pisMble context. \h ht){K- i> that this will lead tu vigur 
ou> and appropriate tollow-up activitic^s. 

In writing ihts a^^ort 1 am well aw^re i>f the hoitaUonx 4>t'N>nu' c*»lleagm*>» hcsitatioriN l^ascil on the de- 
sia not to ap{xrar sclf-servtng, not Ut bring s<.Knce doun to the le\el ot'"just another interest gmup." I Ii>w- 
e\er, if in tact I'.S. xience is at risk, then what iuurse should we take' Is it not the obligatun) ot si^ic'tivs 
like .WAS to bring the state o{" science Xo the attention ^4 {x>bc\ tnaker> and the public that pays for aiul ulti- 
mately benetits fron) asearth' It is m> f^pinmn that the n>ks <»f"ap{\'ar»ng tt> Ix" sc-lf serving are far out- 
weighed by the risks inheaiit ni not making the eax*. 

VkdH: note that whc^n 1 ater to academic aseardi in this re|v>rt I generaik include lioth Ixjsk and ap- 
plied research ur. in the newer vernacular, fundamental aial strategic reseaah. Alvi. 1 reuigm/e that I luse 
focused narruwiv on one sector «)f the rt^'-trch community atid gtnni science |viticy will aquire that an\ s4»- 
lulton must also consider mm-acadennc asearch as we!l as th4>se isstiCs uut^ide »>1 science which influence 
the health <»f the a*seaah universities, 

Manv {Xi>ple contributed to this a}H>rt. I hanks are due t«i Richard Nicholson, A V\S I-Aecutivc- (>t- 
flcer; to .\lkrt 1 1 ieuh. director of the .VAAS Science and Po1k> Programs Diactorate, and lo Stephen 
I). Nei>on» program dirt\tt>r tor science, tc\h{)olt>g> ind governtnent. tor their matiy contributions Ihe 
asM>tamr of my phyvuist colleague James Iretll ot"<ie»»rge Mavm I *ni\ersit\ vviis uivalu U in framing 
the issuo descrik'd h<a\ )t>hn SchtmeUmm and june Wia/ pr4>vided able asearch avsistance at WAS, l)e- 
nise (iniveline, head of the .VAAsOttlce of Communicatn>ns» provided im|>ortant guidance and advice, 
and l*atricia Morgan and her ^tdii m the ( MTkc t»f Publicaihitis transtbrmed the manusiript int4> the ret^ort 
that you see. Mo^ of all, 1 owe a debt ot gratitude to the nearK 25<> academic rese'aahers whi>H- articulate 
and heartfelt res(H»nsc^ are tfie Iums tor thi- rt |>»jrt. 
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OrKc u|x)n a tunc Anicncan ncicikc shclitrcd .m iMDsltui. v^tnt n> the in<N»tr, ^avc to the 
World the la>cT. the dcitronu computer. n>lon» tclcvi>h>n. the lurv Un {x>lh>, and (>l>M!rva- 
ttons ut iiur planctV ItKatum in an cxpndinj^ universe, linJav we aa* n) tht: pnKcvs. allnrU unwit- 
iinglv, nt aliandonm^ thi> leadership mle. It is up to the IVesident. the Congress, and the Amcr- 
k.in |xn>ple t*i daide whether this is aalU the nwd we want this ^.tiuntn to travel. 

Amerua his hved and grown great thn^ugh science and teihiH)log\. Krum the founding cit 
land grant universities and the tltiwenng iif'agrkultural n.*sean.h in the l^th centur> to the 
lxK)ni lu mKnK:Iectn>nics and inturniatu>n fechnt>l<ig> in the last two dc\ades, we ha\e hitched 
nur eitrnurtu to the ix*st siientitu a-search svsteni we could develop and have prosfKral as a rx 
suit. In this liing running suaess s1t>r\, American universities have playcxl a sfxriiat n)Ie. I ni- 
\ersit\ a-Ncarthcrs have pnitluLed new knowledge to drive the ectnioiny and at the same time 
have trained NUiCtNsive generations ol Hientists and engineers to statt Anieruan industry 

Bui now, at a Ume when {>r 'Hlem> of mternatu^nal cvonomii com}X'tition» environmental deg- 
radation, and qualit> oi hk demand the ver\ Ivst from i>ur ax*;irvh lommunify. new intornu- 
ii4>n assembled In the American Association tor the AdvanunH-nt of Sieme (AAAS) dtiiuments 
a deepiv troubled mtKid among umversitv rt^earthers. even those who have Ix'en suctevstul m 
pursuing research careers in our mt)st prestigious institutions. ITiis troubled mo*»d is so perva- 
sive that It raiH'^ serious (|uestions Ahmt the ver\ tutua «>t s<.ienve m the I 'nited States. 

Ilie ijuolations that punctuate this report are drawn t'rom an int'ormal survey b\ the A V\S on 
the state of academic xientifu research in the I 'mted StattN. .Asked alx>ut their perNHial e\fx:ri' 
entes with research funding, the resf^mdents, wht> include >m>e i>f the nations m<»st pronuMiig 
\oung academic scientistsv }*ortra\ an en\ ironment tit slt»w, but steady en>M«»n. One group can 
iM longer tram graduate students. Another sees its advances tn tahnologies with millions ot dol- 
lars o! mdustrial potential dissipate ft>r tack of a f Kmijmm* hn^r. A third dc*scnlvs how it is 
aband4>ning innovative but riskv asearch f<tr nuia |x.*dc*NTrtan projects tor whuh tiiiuiing is 
mtfre certain 

I'he a*N{n>ny*s paint a picture of an academic research communif\ IkhtI h\ flagging morale, 
diminishing e\|X'ctations» and constricting ht>rt/oMs, IVom one institution to the next, across 
clemi>graphic categt>ries, across disciplines ot research, the nation's scientists aa sending a 
warnirig. Academe arscarch tn the I 'nited States is in nrnous inMible. 

While It IS diftuult to make accurate pmlictions as to (>t»ssilile i>utci)mes of the curmit situa- 
tion, a major decline in research capabilitv is certainlv within the ratige ot plausible protections. 
Indeeii. given the current ect>nomk situation and budget tlimate. such a worst can* scenarit» 
might U' considered prolxible In view of the close c«»upttng we ix'lieve to hold iK'tween a vigor- 
ous and d\nanuc science and the ecoiKtmic and cultural well-U ing of the nation, this U\oines a 
national problem. 

Irt»nuall\, there is. among |V)luymakerv and the informed public, a general sense* that Ameri- 
can s^K'tice isstn^ng and htulth). l Aen year, we do well tn the S^M pri/e ^wcef^stakes Over 
the past decade tccieral funding for basic research has fared rjther well m the i>udget liattles, at 
least .ts compared t^thet areas o\ government s|x-ndmg. 
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Nrvcrthcless, the /WAS survey pn>v idoi a stnm^ sififial uf tn>uhlc. It turu•^ ii> n» a-uigm/c 
thai, ht)Wtvcr n^sy the rocanh funding picturt- niay kx)k fn>m VVashinj^nun, D.C, ihcrt- arv 
NcritHiS pn)blenvs at the laboratory Ixrnchcs. 

Ih utttiersitand the morale pn)blt:ms in the rvMraah iofimiuniH, it is mtcssary to Kxik at tfw 
long-Term picture, nut jast at how federal invei4?nent in R&I> fur this fiscal year umij^rcs to 
last or how K&I) funding com{la^e^ to transfx>rtatiun» agriculture, or other "domestic dista*- 
tumary" programs. In thts jiersfxxttve, it is not hard to scr the mjurc of the pn)blem. l)o>pite 
recent gnmih, the level of federal support ff>r 1«sk and applied a-seaah m the universities m 
IWI), afier coraxling for inflation, is unly slightly larger than it was in 1^68, over twent) 
year^ ago. 

In i%H this level of funding was adequate. Indeetl^ 1%8 was the |K-ak st^r rjf a \x:rn\\ that 
IS considered the- "golden age" of American nience. however, there are tWKe as man> 

doctoral st ientists m unive^slhe^ ctmnH-lmg for those funds. Furthermore, in all areas of research 
the last decaileV Vasy*" problems have Ixien s^^lvtxi, and the cost of creating new undcn^andmg of 
nature has mtreascd considerably; FinaiH; new regulat(>r> reijuia-ments have added to overhead 
aists and reduced the funds available for the direct a>sts t»f* research. Is if any wonder that mo- 
rale among academic scientists is kiwr 

Academic scicme has arrives! at its present state through a conscious decision by the Ad- 
ministratuin or Gmgress. Nt> {nilitaaf leader has advocated star\Mng sc ience— mdcx^i, m^ist fee! 
that they support it tstmngly. IVesidents Kcagan and Bush have both pn)misctl to double the si/.e 
of the National Science Foundations budget withm five ycaiN, and Omgrtss, almost ever> year, 
appropriates more for the Natit>nal Institutes of I Jcalth than the Adn)tni>4ration retjiK-sts, 

Scientists in the untvcrsittes l)egan to firel the pinch in the early 1970s, w^hen the sustaincxi 
growth of the previous decade came to an end and rapid inflation combined with coni^rainfs on 
the federal budget to produce a constant-dollar decline i>f more than 20 {KTcent in federal fund- 
ing lor academic n>eanh. Warning signals an>se at that time and eventually, to an extent. thc> 
wea- herded. Ilie tretki in federal funding turned upward beginning in !9H ^ I lowever, recent 
gn)wih has lieen insufficient to comjKnsate fi^r the efV cts of the long dn^ught that preceded it. 
Ibus in the view of those in the IaUirat*?nes, then- has {leen a gradual year-by-ycar enision in 
the availability of funding and in the health of academic st icmie over nearly twtj decades. 



M Ai fifM fifniti MgiIi^ I 



i 

(Ml ^ ittlMiljjlilv ^iWi 
iiaiftCmli^CMHl 

OF- 



■ -IVvIbw of fkpks^ U« of 
I flBpMt flit If I wKt Iviily 



■■ ftd i MW titkuiikf. Dub 



BEST COPY AVAILABLE 



-liofBuiril H^ila^ IL df 
Tor 




The Sumy 



lA fli it oib tadMi 
AtMMlHIithiioliM 

^^^^^^^^^ ^^A^IsA A* ^^M> fcV^^K 

HSISMi liM^ III Bif irafw 

MisayfMroillcaiia 
iskt vKA at hv esMtol to 



Aiii«iMlteaUil»toipo 

— 'FrefBSQc of rtjfihi, ConMjlt- 

itL 



ll||f Ml It Bicfc Mn At 
ikiif onif^ iMk Nfirf to ft* 

PmVlii iWlWI^^B VtMB* ■Wl^ 



In Nbv 1 wo, at my mjucirt, the staff of the Ammcan Asaiciatttm tor the .AdvaiKtnicn! of Si- 
«TKe initiated an tm^uiry to dettrminc the pn>fessu)nal **<juajit> oi htt** as fxracivcd by menv 
bers of the acKlemic re:«arch communitv. We icnf letters to the chairs o( the physics, chernii^rv; 
ami hink)gy departments at 5U universities^— the M) largest rcscaRh-^iricnted universities, as de- 
temiim-d by the amount of toieral micaah funding they reef ive, atid 20 additiotial universities, 
rtprcjicnting a range of less reseaah-intensive ln^5tit^ltions. 

Faih ihair w^s asked to ansmT the letter |Krsoiuily and to fon^ard if to a tew faiult> mem- 
U'ni. including at least oik- third- or fourth year assistant pn^tessor in the dejiartment, and the 
ycHingest full profoa5i>r. We wanted to hear from a range of researchers but c^{x.xially tnm the 
"winners'* in the game of academic science— the |Ki>ple with successful careers in the l>ejtf- 
funded disc iplines at p>re»^igious institutions. If thisgn>up [lerceivcd itself to Ix: in trouble, it 
wvutd Ix' a fair assumptii>n that the great body of American scientists in trfher tlelds and initia 
ttves could only Ik* worse oft. 

l^-ach res|X>ndent was asked to write a lener commenting on (vrsona! exjjcnencc^ tn i>l>taining 
funding, the general avaibbility of funding m the field, and how these factors would influence 
prtjductivity and future plans. We made nt> pretense of drawing a scientific, random sample, nor 
did we attempt to cover all fields* t>jx:s of institutions 4>r geographic areas. Our purf^we was not 
to generate t4attstics, but rather to aAltxi anccdt^tes so that we might avcss the prevailing nniod 
Among academic scientists. (S^fSurvrv Qts^jitom, pa^e 7 J 

Wc were ni>t naive aU>ut what to exfxtt. We reci^ni/e that no a-^carcher is ever totally happy 
with his or k-r situation, and we exfxxtcd a go<)d dc^d ot'c4>mmon, garden variety griping. 
i knxi scientists can always see n\t>a things tt> do, and th<we who are dissatisfied are nK>a likely 
than others to lake the time to rtsj^md t4> an iiu{uir> such as our>. I Jowever, the emotional inten- 
sity i)f the letter>i and the depth of their i)essimism w.is so far aU>ve these ordinar) levels that we 
tan only ct»nclude that they register a nuxid of dcx*p depa^ssion in the nrsearch community. And 
thiN deprcssiiin is widespread, independent of institution, field and rank. 

Nearly 250 letters, many of them long ainf detailed, wea aceived. ITie overall tone of the 
lcttei>, as exemplifieci by the excerjits that ap|xar throughout this rc|X)rt, is one i>f deep concern, 
disct>uragement* frustratuHi, and even dt^ixiir and resign;ition. "ITic tradifioftal o|)tinnsm of re- 
scaah scientists is lx:ing quenihed. In its place are towered exfxxtations and a ghionn vision of 
the future. 

ITie !.tienti*tfs write that obtaining funding occupies an increasing fx)rtion of then time. I'hev 
descnlx: growing agulatory burdens and increasing overhead c«tsts Many say they are emliar- 
rxsscd Ixrcause the)' feel they are unable to stTve as ade({uate n)le ftvxiels for their graduate stu- 
dents. And, bet:ause the resjxmdents aa among the '*lx!st and the brightest,** they aa* m<Fst ktx-n- 
Iv aware of the t>p{x>!lunities, the excitement and the ultimate Ixrnel'its t>f their research and the 
sharp contrast to the increasing difficulty m ol^ining resouaes for it. 

One scientist a{x>rts chagrin at the "su{x»rbright** fx>st-dtict4»ral >4udent be c-annot afford td 
hire. Another w rites of discouragement at the two graduate students she has been foaed to tell to 
go elsewhea. ITiea is desjiair at seeing of)cs own ideas implemented by competitors abn«ad with 
the eijuipment tme cannt)t afford. And overall, the Utrmotsf m the letters is of long hours spent 
writing <a»)d a-ading\ projiosals and arguing and pleading with funding agency jxrsonnel. 
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ITic scientists write that ubtainmg funding iKCuptcs an increasing portion of their time. Iliey 
ilcH:nbe gnming regulator) burdciLs and uk reahjng overhead ci^ts. Many s3\ the\' are emhar- 
passed because they teei the\ are unable to serve as adeijuate n>le mixlels for fht ir graduate stu- 
dents. And» because the respondents are among the **best and the brightest*" they are most keen- 
ly aware of the op{x>rtunities» the excitement and the ultimate benefits of their research — and the 
sharp contrast to the increasing difficulty in obtaining resources tor it. 

More than half the respi)ndents in the top }V institutions indicated that thev are experiencing 
serious diftlcuities in research support or, at Ixrst, anr treading w^ater An additional third re- 
ptirted that the> were getting In tor the moment, but saw pn4>lems ahead fi>r their research. 
Kven the mint)rit> of resfxmdents nb^) repi>rted that the> were managing pretu well themselves 
indicated they were artixted by the depressed uuxxi of their collca|''ues. 

ITie dislribution of responses frt>m the less rescarch-mtensive universities was not much dif- 
ferent. abi>ut 60 peaent wrote that they are in trtjubie or are l>arely managing, an additional 
third re|>irted they are u^ping but see problen)s on the horizon; while m^>st of the remainder see 
colleagues in serit^us difficulties. 



Survey Questions 



Please write us a letter addressing each of the following issues 

1» I he availability of research funding in your own area of research. IMease 
comment on your own personal experience with the research tunding 
system. Be as specific as {>ossibk\ 

2» 1 he relative ease or difficulty of obtaining research yf^r^nl funding 

currently as compared to past years (including the numluT of appn^priate 
sources of funding for your research). Again, we are interested primarily 
m your t>wn personal ex|>enence. 

3. Your thoughts f>n how your recent experiences with research funding 
might inlluence your plans and exfnrctations for the future. 

4» Other factors significantly influencing your cmn productivity and ability 
to conduct research in your current setting. 
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Why Is the Morale of 
American Scientists So Low? 

The princiftal st^ufxc ot the m<>raW pmhlcnis the sur\c\ ufkovcred ts nu niystcn. It ap|x*aa%l 
in letter after Ictren It is e^ntially a lack oi tunding. Hir many 5>cientists the diffAulneN lA 
oU«*«ftiing a*scan.h support are beginning to uvrn»had()\\ the a*wards of actually dnjn^ rc>e;tr<.h. 
'Vi> understand why tunding in Si> pn>bkmatKal, it is usetul to rev iew a tew tlgurcN. 

Level Fundlns anil a Growing Community 

Since 1^8.^, federal supp<irt for academic reseanh m constant— that is, inrtatit»n-3djustc\i- 
dt^llars has gn)wn by aN>ut 3u {xrrcent. However, as shown m l^guR- ], this recent incRUNf toU 
jowrd a long pcriixi of nrlatively flat funding whuh was itst*h pn\edt\i by a sharp dn>p l^etut'en 
1%H and 1^74. Conse<{uently, the mtHHiPt oT ikdeml iundind for tmsic plus nsppfieJ re* 
search in utyversides in 1989 (expressed in constdni doilars} is only 20 percent hifth- 
er today than it Has in 1968! 

At the same time» assh(>wn in Figure 2, the nunikT of d^Ktoral scientists and engineers in 
colieges and universities has more than df>ul>led. In other uords, in I there are over twuv as 
many re>eaa hers competing for a |x>t of numex not much bigger than it was m I^^H. 



FiBUrS 1 Feibral Expenditures for Bosic ond Applied Reseorck ot 

CoHeses and Univenities, 1968-89 




Figure 2 



Number of Oocfmil SdentUte ontf Engineets Imptoyed 
By 4-Yem Coliefies mi Uidveittties, 1969-87 
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gum- l.4riH-tv |v»|»uL4f(^ tn w uhI ^ tt.t! tWKK *>! rcsL-an h wh^th, in P^^K, ucrc citkr n..n-v\iv 
tent or cmhrvonu This sttitpK .ui nuiuatuHi tfut it u» ttn- nature of sttauc to cxfurki. 
SfHu- fVitnplcs i»? .trcas uf)kh hau arjst'i) t** uin)|K'ff ti»r lands uith t>kkn niorc csUhhshal 
iH-ysarc m«4au!ar f^rru-tu^. »»r^.n)n!ntt.illu J)cf7»stn. n>aU'naK stK-fUc. efui»s and conipU-Mf). 
'UpaalK. »4dir tnlds v\'>Kr ut!»> uvw .uras dtv*»vcr\. WV iannnt fhink »>! am t>tid, fhnvni^ 
in thv iV/itK, fh.iJ hA^ disiip^x-arcd in the p.i>t fuu dctadvs. 

The Increased Cost of Doing Research 

Ih: phfiiunu-U'Wi of kvcl tuiulin^; and a ^ruwinj^ lomniuiiitv of rcstjR htr> id iist-lt would 
JcarU laiiM' mnMiicruhtc iianlship m tht- --.iviittrK loninuimfy. I hc probk-n) i> ii'm|v>utiiit\i. 
however. l)v a iiuinlx.T .4 .»thrr t'.Kturs that, taken tuj^cthit. ruilfur restna the results that laii lie 
(ititaiiurJ from eaih rcseatih Juilar. 
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tuii undtrstanding of iuXarv ukTcasc's. ?hc tjuiNtjuns v^c nmi in .insv^cr Ivtwrnc nuirc ^.umplcA. 
Ihcu" IS 4 \t)rrcrs|x>fKim^ nuri-^M.- ni the v)ph!vt!L.{tion utnd nt tht o|u.pnic!i! luxdcd tc do 
a*NC*art.h. Nnh Inr sniall. "table tup" c\[KTinu'm> and Ltr^c lauhtics >u«.h as tck^n|vs and 
aLa■lcrator^. 

Kor tvartipk-. a statc-ift-thc-art d\L- laser w<»st aU»ut 5P*.nnn jn 1^*4. Hic rcspmduijj state 
(»t ihe-art laser t*>da\ ii^sts f U»m,immi. hwn it we vorrvd ti»r tntlatu»n. a s^ieiittsf \\hu v.ishestn 
r.-num in the toretrunt rt-searih in 1 has tn p.i\ three lum^ as nuuh t'ur this pieve of 
eijuipniem as he nr she did hl'teen \earN a^^f. SinuUrh. the u>>t wt'e^uippiriju' a lat>«»rjturv t^r .t 
statltn^ assistaftt pruk*s-^)r \u a ll^(\e^s|t^ vJenu- depattriH-nt ha> iikreased In a UiUw uMeji 
sinte I^hS. 

( hu* mt^ht arjjue that there are u»un!er\aihnji: Trends, A** the u»st ..f ».rriani TethnoK>^)es de- 
^reav's. the t.tf>t nf dmng vicjkc shniiid dn\^n as well. ( )rdinan h.nid ».akulators, t.»r exam 
pk'. oiKc uist sc\erai hundrt\i dollars, hut m\\ uT>r unl\ a tVa«.tn»n nf'that sum. Whtle this v^st 
reduaion is real, m praitue if is utmp!ete)\ swamix\l h\ the iika'as^-d denund»v tor wnmfiuta- 
tinn. Although the ti>st per authmt'tti upnatum hasgt>ne down draniatualK since the m- 

ucased need {«>r computing pmer has made tt>mputer firsts .« rna^of |>t>?i),»n i>t*t«piii\ s siienu- 
budget. Smilarh. th<* unit v^tst of building an a<.f.e!erator has drnpj>ed tn^ni per MeV at 

krmiUh itn VCo)Xx) ihn* fXT NkA" at the \sC\ but the energy rc4|inrrd to do meaningUil re 
sc-arch tn high energ\ phvMcs has g»me up vt ntuih that the tibial ».ost ot the required .Kwekral'^r 
1^ nukh higher U\i.i\ than it was m 1*'^^. 

Vh^H: are not just evaniples ot resc^arLhers inmg to keep with the Jnr..ses cifie van no 

more d'» i^^^^os research with i^*'4 equipment x\\\n one «.an Kuiki a nioikm su|x-rhighwa\ with 
puk-and-Nhovei !aU»r. Jhe it>njpkAi!v t.utoi k a dneit ^it^x m>ji»»seil r»it iiNe.iuh b\ iiurcasmg 
vtphistuation in s^ietke 



2* lncrea»biji VjosXs c>f Ke&ulddon 

I"he ^.ost ot re^ulatit>n is a setond taUor In nianv fields. [urtiiuLirh in the hte M^ientts. m 
^.reaNed regulation ahsi^rbs sigmriwint t'unds .tiid re>earJi titnv. Requiring resear«.herN f.» loinptv 
with guidelines suth as th(rse wnkermng anmut lare. hufuan subtett-v. l.^w level r.idh >ai tive 
wasti and h. wUirdous sul^stame^ is ini|>*»t1ant and letljinh iustirij!>!e. but it must U- reu»gm/ed 
th.i» the t :^>ts t»t it»m[>!ymg WEth these regulatii»ns redui;- the ani*«ufit A research that uu U d*»ne 
tur a given .itnoui.t ut mi»nev 



X IncreaHed (hvrbcoil 

■\ tl)»rd t,Kt*/r {s institutioiul ^nerheati A^ioiduig tn the Narunul S>e;ue t ouiui.itiuu. uuli 
rect ur^ts a! utiiversttie^ Mmluding administration, mamt^-nana' ot buildings, utilities, et^ \ ha\e 
rts<^n tnim \u iKrc'ent oi'the natu^nai :Kademii. k5cl> budget in I'^f^N t^ jf>out JH f>cru-nt iii 

Charges ctjuivaknt Iti {H:r«.ent s.iIancN are not unusual ti^iav tn the ^u^ld^ tit' niunx 
btults memk-rs, overhead amounts to a tax i»n rescanh. ( )!n lousK. it is a legitimate uimjx»rient 
u! the tost ot doing reMrarth and its reuAerv m rest-arth grants is essciitiaj Uf the sur\nal i>t the 
universities. Ikit, as is the tasc vMth iikreascd regulation, the alwirption a growing share ot 
research rn<ine\ In <nerhcad means thit less monex is avui table to the laK»ralor\ scientist tor the 
direct .^^tst>t the research. 

n 



Impacts of the Funding 
Situation 



Let us turn now tmin the Ni)urc{s ut the pn>hlcni to its ini|xuts. ITic letters Mig^rest th^it — apart 
tnm fu^^ a M)urce ot" tritstration to academic Hientjsfs — the Mjuee^e t>n research tuud- 
ing !> hkeh to have a numIxT 4)t" mi)re !;ulitle adverse consecjuences tor re>C3rch and tor the nation. 

With mi)re scientisis tonH>crtin^ tor what is ovscntiallv a fixed pot of* mone\, the percentage ot' 
grant apphcati<m> tunded b\ NSK and Nil I has dr4>p{xrd pre<.i}>it(^usly Ai^SiWfue maga/jne has 
re}>orted, success rates in some fields are down to the netghln)rh<x\l of ]0-\S {xrrcent. Scientists, 
partjcularly \oung xientists, rejx^rt sfiendmg more and more of their tm>e chasing fewer and 
fewer doliar>. While the awrage grant sii!e has mca-ased M>mewhat at Nil I, the r>p!cal NSK 
grant is. in consunt dollars, considerably smaller in l^^o than it was m the rarly !^8iS. 

I*he pn»Mem is nu>R' s^rujus than a\ erage grant sv/x or pro{x>sal success rates, however I'he 
teners ix'veal }H^tennal!> im|K>nant changes m (he way scientists as individuals pursue their traft 
As a tonse<juence of the increasingly ditFtcult search for tunding» academic xjentists are less 
willing to take chanu^N nn high risk aa-as with i>otentialK big paxotYs, Instead, they prefer tt» 
p!a> It sate, staking to researkh in which an end product is assured, or wt>rse, working m fields 
that thcv Wieveare favnred b\ funding agencv officials, lliese scientists aa* als> incrcasmgK 
viewing their fellows as C4>m{Xiitors, rather than colleagues, leading to an incrcasmglv corn^sive 
atmosj^here ITie mamttMattons of this aHrtudc range fn>m a a*luctance lu share new results with 
<»ther xtentrsts to public bukenng alx>ut relatne priorities in funding different fields. 



Whiie rfie current loss of productive groups is seriotis, even more disturbing is the negotive Influ- 
ence the present difficulHes ore hoving on the next generotion. On o recent visit to MIT i hod on 
informal lunch with obmit twenty groduote students in orgonic chemistry ond oskd how mony of 
them were going into ocod^ic science. One person mii^ his hand ond he wos returning to o 
smoti liberol orts college where he hod been o student. This group ogr^ thot their lock of in* 
terest in university level positions is their perception thol the chollenge of goining funding is now 
dominant over the challen^ of the science. 
—Professor cf Chemistry, U. of Illinois 

I om $0 heavily invested on o personol level in bosic reswrch that I connof imogii^ changing my 
own coreer direction even if the present funding situation persists. However, I am finding it 
harder and harder to recommend this coreer ta the many bright undergroduote students who 
regularly seek my advice in coreer opportunities in Nssic reseorch. 
—Assistant Professor of Biology, U. of California, B^keley 



Bat there are tither effects o! the tunding situatn^n that are evident m the letters — eitect-. that 
wilt n<it k- tett t<»r stmie time* but that are |x)tennally much more tlanwgmg. <>\er and t»ver 
again the resfv>ndents re|)ortt^ that thcv are lutting baik on the numlnrr of students the\ are 
training, and that students nuw m the laU»ratones are opting out of research careers. It is ni*! ten* 
hard to imagine the thoughts m the mind cif a graduate student whu watcbcN as a {^rotessor 
s|Hrnds a third <it his or her tune searching ft»r tunds Ui kee[> a laU)rator\ going. 
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cnttstV cducaliun and \s widely Regarded as a kr\ t4i the sikxc*v% o\ I ' S. s<.]cncc. One ot the 
prime taxks iit the tacult) mcmtxT is to Ncne as a rote mt\jel tor the ^»tudent — to .sa>, in vtk\X. 
** Iliis IS what a »M.ienttst is hkc." Ilie rclatioriNhip entails ohHiJutions on fx^th Nides *>t i<>urst\ hut 
the protcsst>r usiulh assumes a res|>i>nsib!ht> U^r y:emg that his or her students are sup|>«>rtcd 
during their r^udics and plaecd in appropriate jol>s when the\ finish. 

In orte letter after another, thi)sc resfxniding to the Nurve\ expTOised wonuTn that the> c;mld 
nut fulttlt the ohhgations the\ had assumed when they tiK)k on Ntudents - that the> tduid not 
sene as suuesNtuI n^le niiidcls tor the next generatjon o\ s.ient!sts. IIiin breakdown ut an im}>t»r 
tant part ot the traditional education is another seriouN ajid unexjKVted i.onse<|ueme of the tund- 
mg situatum. And the tntx>d will mevitahly Ix: c4)mmunuated to undergraduates in an ever-wul* 
vnin^ npple eUat. 



While the difficulty in obtoining research funding has taken its toll of time and energy, i plon to 
continue in this position ond with basic neseorch. However, it is deor thot my first three postdoc* 
toTol reseorch feU ows (now on the job morket) end other postdoctorol fdtows ot Coltech who ( 
know, ho^ 0 quite differsnt perspectiw from thot which t hod o few yeors ago when I conducted 
my job seorch: they ore extremely pessimistic about obtaining any funds to run their lobs end 
ore considering quite different smti of jobs. 
-'Assistont Pp'ofessor of Biobgy, Coltech 

The difficulty d ocquiring research hinding (eoves me with a grim impression of my professioool 
future, i tove reseorch too much to contemplote ^ng this career, ot feast ot this point, but t 
oftefi wonder obout the level ot which I wilt be oble to pursue my professional interests in the 
coming yean. I am ceftoio thot my on&iettes on this subject, ond those of my colleogues, hove o 
negothfe effect on the impressions of sdentiftc coreers formed by the undergroduotes ond grodu^ 
otes with whom we ore in con^nt cootact. 
—Assistant Professor of Chemistry, U. of Wisconsin 

Perhaps the most serious consequence of diminishing prospects for funding is the effect it hos in 
discouraging groduote students and post-docs from pursuing scientific careers. As o junior foculty 
member, I remoin in dose contact with colleogues from my doys as o student ond post^foc, but 
severof of the best of ttmse individuals wtii not show up in your sunrey— they hove olreody 
chosen to leove science. 

—Assistant Professor of Biol(^, U. of Pennsylvania 



t he res|x>nNes tu the .\.WS survev suggest that \t\ the Lt >nnti^ years we can e\|K*'.T even fewer 
students to enter eareers in s<.ience than di> so n4)W. It is ironK that as the cnormt»us eftorts u> im- 
prove science and mathematio education that wea- initiated in the k-gin te> iKar truit» the 
••itientitic intrastrueture the\ were designed to sup|>on is king progrevsivcK ennled. 



Why Keep Science Healthy? 



How much diKs all of this matter to the natiun-at-lar^^: divcn that low morale is a problem 
for the science communit), wh\ should the rest of the nation caa-r Scientists are, after ail, a 
privileged class far Ixnter ott'than many in our MKk't>, and l)esides, there are already more crises 
around today ihan t>ur overloaded national consciiiusncss can handle. 

Ihv answer is, ot euursc, that science p3>s. It is im{'>ossi!)le to ima^me modern yH.iet> without 
the fruits ot 4(MI years of si icntific re?iearih. An extensive literature diKumcnts tin" returns to the 
economy generated In ex{xrnditureson science and technology. One has cmly to ex:«mine the in- 
gredients of our ( ;M* to ^ tbt a large fraction is dernevi tram the rc"sults of the scientitR rv- 
seaah of the \\\^t tyO years or m>. 

txommiists have cstunatevi that for everv dollar sjxrnt on the Ajx^llo program m the l%ns, 
s^ven dollars ot jconomie activity was generated \n the Ameruan ctonon»y Mi*rc recently, c\on- 
tinust Wwin Mansfield ol the I 'niversity of IVnnsylvania studied the rate of a*turn on invest- 
ments inacademK arsc^arch. iiis wt>rk oaerc^d 76 maj<^r Itrms m seven industries: mtormation 
pnjicssing, drugs, nu'tais. eleitricity, chemicals, instruments, and *mL I Its assumptions aa- con- 
servative but his asult IS startling: the annual social rate tif return on mvestnients in atadcnuc 
research is no less than 2k fxrrcent. 

ITie task> uhith aa* fa^^cd hy Ameruan stieme and tethnoh>g\ tt>da\ are ^ ruual as never 
f.iar to wic wet! Inring of our nation. ITiey include: 

■ providtfi^ the basis for ikw industrv to cnbatur the ^jiulitv ut Uu- of .»ui i it 
i/ens, while extending thtise lienefits to regions .iml ^Tnups th.if h.nt* nut ut 
shared in thcni, 

» improMng the geneml health t»t the jKipuIa!iun uhtjc containing ilu- u»sts '4 
medKul care, 

■ understanding the complex l ircumstames swi rtiundmg rcohygual and cn\ trun 
fnentdl issues and providing ^'uidame tti |>tijK v makers m the>e areas, 

• devel*>ping alternate y>urcc*s t>f ener^^ and \u!>^tttute^ lur v.irie luturat re- 
sources* and 

m L-nhanuMfi ifur culture b> cxpanduig our underst.uuiin^' of the untcerse aiui 
humanitv s pbcc m it. 

lo carr\ out these daunting tasks m an ever more ci>n>|Ktitne world, we wilt need more sci 
entists and engineers, ^et dem^>graphic proiection>-~ such as those cited In Richard Atkinson in 
his two IVesidential Address to the A/V\S— tell us that v\e are falling short of pniciucmg the 
reijuircd number ot Ph.D. scientists and engintrrs by aUuit lO.tUHi each \ean I luge deficits in 
the numln:. 4)t technically trained {KTsonncI kstimated by v^me at up to TiHf.OiMi) jre exj^ected 
in the first decade of the ilst centur); 

1 am awaa- that such f>rojccfions ha\ e large uncertainties, but I should alv> |>otnt «>ut that the\ 
may Ix* underestimated kcause they fail to take account of the new demands that vmI! k* placed 
on Hience and rechnolt)g\ In environmental [>roblenis» energ> and lutural resources, and the 
needs o( devek)ping n^'thms. (oven that graduate education de{>ends v> stmngty i.n reseaah 
i «nding, the fmdnig that faculty rmmUrs are cutting l^ack au the numlier of students they tram 
means that the current funding situatK?n can onlv cxacerltafe future (problems in human rev>urces 
for science and technoltig\: 
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How Much Research 
Do We Need? 



Ianitcnd that ;hc lanital States is underinvc^ting in research. Vnv result isu dnLsik dcrthnir in 
the morale of even the hest atadcmtc ro;carclier>. I l>chcve that d s^ icruc is gomy. to 
have a change tt) help the nation meet the challenges it {*aces» must create a cnvir.mmcnt 
(or research . *Il)c ideal envir^mment is one m uhu h any talentt^ Ntientist can obtain re^^ar.h 
funding if ic or she has a ^i\yd idea and can nurt the burden of reasonable review and 
rc^^^1alKe. 

Snce a }x>rtit>n of the current funding irisis arjset^ fiou^ the invrcise i;i the nun)lKr i)f sv icn- 
V- M^nie might argue that it wt^uld make sense to practice a kind ot "scientitlc birth control** — 
to hmit the numlicr t)f ancntists ptving their trade, in order to tund the remainder adequate!). Is 
such an appniach rtasonabler Ih: answer to th»s questiiin dcjxrnds on ho\^ much scientific work 
ofie fix'ls needs to Ix: done. 

ITiere aa* two ways to appniach the ijuc^tion. One is lo4>k at nations :hat an* dtnng a go<>d 
jt»b ec<HU>mically — nations that seem to Ixr domg well m international eronomic comiKftition. 
ITic other is to look at what scxiet) require^ of science in a bi^Miler si'nse and assess the adecjuaiV 
of any propoised system to meet those netxis. 

Ilie period from shortK atter World War II to IV^H has often Ixvn reterrcd to as the "golden 
age" of American science. It was heralded by a a*port to the IVesident in 1945 by Vanncv:ar 
liush, entitled Sttt^fur, the Endless Frontier. ITie "golden age** was characlcnzcd m eOect by just 
the conditions I now advtJcate a funding level that {>ernMtted full play to the crcativit) and 
iroa^inatiim of scientists, As Figure % indicatc*s» we are still Ixrnefiting from the fruits ot that 
era. I lx:lieve that the creation of a new gc^lden age is not i»nly aftorcLib!e» l>ut ht^lds vast |v>fen- 
tial tor licnettts tt> the nation. 



F^^re 3 Partial list of Technologfes Devetoped since Worid Wor 11 
thot ore ot the Foreftont of Economic GrawtH. 




Figure 4 Non-Defense R&D EipeiKlHure OS 0 Pefcsntnae of 

Gross Domestic Prodod 
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*I*hc world ol* rhc 199IN is a tar tr> tnmt l%H, In the Lite )9(>tK, the I United States w;is the 
utulisputetl leader in world science. Our Iklsic rcsieaah esUhhshment was turning out rtsults that 
would fuel the Ujom m Stheon Valley and cstahhsh new tenters of intorniafion teehn<^l«>g) ot» the 
outskirts of «>ur major cities. Medical techniques we ni>w u)fiMder routine — C/YI' scans* for ex 
ample, or niagnttu resi>name mvifjm^ — were stdl gteanis m the eye of Iiasic researchers or in 
the eiirly sta^^es t>f development. Hie future was briuht and there set'mt\l to he no hmits to our 
dreams. 

"I<)day, after 20 \vars of gradual attrition* the eftats of \^ntch a^x vividly doc umented in the* 
A/\AS survey; the future no longer lcM>ks so bright, llie I ^nitt\i S^a^t^ t*an no longer claim un- 
disputed icadcrshtp m world si ience. Western Kurope and Ja|ian Nrfh have thriving scientific t*s- 
tahlishments» otienng U>th eol{atH>ration and comptrtition to their Amencui* colleagues. Figure 4 
shows fundmg for nondefcnse K6cl> as a fraciton of (iNP m several countncs including the 
I United States. '|}ie stt)r\ is alt t(X) clear Our own expenditures have remained almcKt constant 
during the past tiA'o decades, while those of Western Kuro{ie and Jafwn have grown. Measured 
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a^jinst our mtjsf suaesstui interfuitioiuil coni{iet»t<>rs, then, fk' cura^fU level t>f rcjcareh tundmg 
in the United States is evidently tnadcqoate. 

IxMiktn^ tim*ard the future, Kigurc S hsth sonic "cnwrging technologies" iiientifted by the l>e- 
l^rtment of Commenx% which are pn>jectcxl to haw a tt)tal economic attiviry* of about $1 trtilion 
hy the year 2u(IU. Iht: C4>nnection t4" the^ic trchnoK^ies with ma.<er> in the relevant fields of sci- 
em\- and engineering should lie obvious. ITie qucjition the iiation must a.sk of its {lolicyniakers is: 
What fraction of this huge sum will belong to the United States: 

Ibe second {xirt of the answer inv4)lves the huge tasks and enorn>ous opjiortunities facing sci- 
ence and s^ietKe-based technoK^ today, lliese have Ixxn outlined alxjve, and include improv- 
ing the natiiins health, economy, and tjualtty <if lifir and tackling the complex of cnvimnmental, 
energy and resource pnH>lcms that hiom aheati. Whether we will Ix: able to meet thc*se denunds 
and exploit these 4)p{x>rtunities depends to a large extent on how well we will \k able to recruit 
young jxx>ple into siienie and engineering studies. ITiis has Ixxu reC4)gnized hy the IVesident, 
the nation^ governors, and by the Congress. 

SupjH^rt for science education^ with recent eniphasis on the clemtntar) and secondary k'vcts» 
has Ixrcn increased imprcssivelv S(at«^ and ctmmiunities across the natnm arc instituting reforms 
in an esc^alatmg ctYort tc> catch up to our foreign com|x.iitors whose childwi do so much iKtter in 
international assessments. .A major part (by no means the entire f^rt) of this effort is to mcfx-ase 
the flow of American children into sc ience, mathematics and technology. Without this effort in 
M^ience education^ t)ur rrscanh caf^bility- lK>th in and i)Ut of academia w*ould increasingly de{x*nd 
on immigrants for whom there is increasingly vigorous world-wide competititm. However, »t 
wc ignore the health t)f the academic research system^ this entire effort wilt surety Ik: 
compn)mised. 

I would argue that it ts unwise to attempt to s«)!ve the present crisis by reducing the numlKr 
i)\ scientists at our untversitic*s. Not only Would this reduce our a{)ihty to solve our nations pnilv 
{cms in the short term, but, even worst, it ctmid start a downward spiral in the size and ({uality 
of the I \S. academic research system that wo;iid Ix* difTicult, if not im|x<ssibk\ to reverse. 



Figure 5 CrHlcot tedinokisles 
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An End to the Frontier? 



Tht warning hi the ;VV\S survey is t lcar. Afncncaii mijcikc bhow> bigns of extreme streivs. 
Morale is declining, studentsi are turning away {'rorn Ntience, and American leadership in sci- 
cntitlc reseaah, as measured by pubhshed papers and NoW prixes, is threatening to go the way 
ol the automotive, tir^r, machine 1(k>K and consumer electronics industries.* 

ITie imphc^ations of the loss of such leadership are immense. Just as the "bram drain'* da»w 
talented scientists (torn Kurofxr and the ITiird World to the United States m the J950s and 
l%Us, so ti)o will Mtnu- American scientists (and p^entjal mimigrants) follow the frontiers ot' 
their fields to Kuro{v» the Pacific Kim, or wherever they might Ik in the future, J'he pipeline 
ot new Research that has nourished our high-tech industr\ w ill dn* u[% crippling our ability to 
com|Kte in a world w here scieiKe and technology play an ever m4>rr miptwtant role. 

We can already sec ominous signs in eicmumic trends. In 1^86, tor the firyX time in history; 
the Tnites States impirted mure high-tei.h ntanufactured products than it t>:{>orted. Residents o( 
ft>mgn countnes n^w rcxeive alnnn4 half of the patents granted by the U.S. Intent OtVrce. .And 
the three coqx^rations registering the most I \S. patents last year were Canon, 'Kyshtlia and 
I lita^hi. 

iMnally, we should not neglect to mention the more sulnle, less ijuantitiable but m>netheless 
prt>iound influence that science ha» upon society. We are a great nation which must value the cul- 
ture that the success of science engenders. 'I'hi> succL^s {x-rmcates Mx icty, generates self-umfi- 
dence» inspires our vtiuth, cremates a sense 4>f endless frontiers 4>f the human mind and of human 
aspirations which would «)therwise txrcomc increaMngly confined in an ever-shrinking world, 
ITte Kiss 4)1 this scientitic and technological exuk-rame would be another heavy price to pay, per 
haps even the greatest |>eiult> in the lung run, for the decline of the reseaah system, 

*I he tull eftects n( the im{H>venshment of liasic a^c•arch wtll not Ik felt next year or the year 
after. We have licen living on our accumulated Jicientific capital for a while, and we will pn>l>a- 
bly l>e able to do so for a w hile longer. But if we f^rsist on this course, we can exf^d to see 
America's |H^sitiun m the world grudualK weaken. We will watch as our techno!t)gy-based prod 
ucts I>ecome less and levs comfKlitive in world markets. By then, of* course, it will Ik tcx) late. 

It IS the long term nature of the enterprise that makes the issue st) dangerous. Once we k-gin 
to weaken* there arc nran> ftruback forces that tend to aicelerate the decline. Hie Ixrst people 
move on to other activities. Students are no hunger attractal. Ilie stream of immigrants dimin- 
ishes, f he essential mtlux ot* \oung investigators dries up Within the range of {x>ssible outcomes 
are [xith acceptable and unacceptable consecjuences. \v\ to wait rather than take action now is to 
invite a situation that wijl \k diffault and verv tinuHoiisuming to revetx-. 

•If fs H4.nh ftfiftMjt! tfwf the hulk a! t N SiM pn/ts m n\vu\ u-^r^ \u\v Wxh lu^tt .>n w^^^k iit>iH- o 
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Conclusions and 
Rocommendations 

Alargt*-bial<^ anecdotal survey ut's4>mc of the nviNt capahk- and pn^ductivc I '.S. av.adt niK xi 
enlists has been carried out. I'hf results are a clear warning that all is tar trutn wcli in the 
labi>i^forieiv of our reR'arch univen»>ties, ITie depressed *?tate of the academic scK nttfK comniuni- 
ty is attributed to a failun: of our system o\ scierue funditig to rectjj^ni/e and maintau) the csxn- 
tial needs of a health) infrastructure. 

Stiemx* funding has increased steadily in the }iast several years, \vt it i> appaa-nt that curant 
levels are far below what is requin.%1 for healthy, even lean, ntence. Perhaps thts mav i^ive vmie 
|x>licynukers a »4ense of frustration at the "ungrateful and insaUable si ienfists." Yet we ire lurt 
alone »n seeing this problen>. Warnings have Wxn catping up evervvvhere. Almost tne vears 
ago, the Packard- Bnnnley rep)rt dixun^ented an «»l>s<>lesvence ot unnersttv rt*st.'arch et)uipnH*nt 
and evaluated fhe ct)st of renovation at billion. Since Ixxommg the IVesidents Sieme Vivt- 
sor in I9H^>» .'\llan Bn>niley has continued to sfxxik out al>out underinvestment in rcsrarih, as 
lias Frank IVess, the President of the National Acadenn o{ Sc iences. Iliere is an emerging con 
sensus amtmg science |x>licy leaders that we are not making th- long term investment in research 
required to rest4>re our etiWHnnic and scientific leadership. 

ITie Tnited States tiH.Jay finds itself slipping tn its abilm to tt;n>|vfe with dvi^ainn M\ieties 
abn>ad. ITie new Kuro|Hr, Japan and the Pacific Rim natH»ns are increasing their imestnient in 
research, having already suq>asH.*d us tn the various activities iKxded to convert researcli results 
tti ectmomic benefit. It is up to us as a mtion t(i decide whether the I '.S. will awatn a maiur 
plaver in world science aiki s<ience4>ased tet hnologv or whether we will continue tii slide. 

One could argue that since the resuhs 4>f l>asK research arc globalK available, we \kxx\ main- 
tarn imiy the abilif> to read the st ienfiftc literature in order to C4>m{Kte in tt\hnoli>g>. I limeven 
the current large increases in I\uro{x:an and Japanese tnvestnunts in Iwsk a'scarch and the dtgnt- 
ty of a great nation argue agatnsi this. Ixximing <»ver atid aN>ve the economic lactors are the 
ctjmpIeK issuer t)f cciilogy; energv; ami natural a'sources tn a world which must, tn the next ten 
tur>. see vast development in the S»uth. Such development cann*»t Ix' sustained without re-sear..h 
to create the tahnologies which are required tt> reduce the uncertainties in enviionmenta! predu- 
thHis and to solve the energy -ecoltigv prtiblem. 

What would it take Xo relieve the acute problems in academic research and a*stt)re I ' .S. sci 
erne to its pre-1^^6S excellence^ lx\ us consider this ijue'stMm indefx-ndenfU of '*pnkticar' cun- 
straints dictated by current events. My anahsis of the complexitv factor, the growth (A new 
areas» and the increasing ctists i>f research indicate that we >hi>uld U* s{Knding at least twice as 
much as we were in t96K Un ci>nstant d{)llars^ if we are tn approach the cutuiitiunsof the gt»lden 
age. Indications from NSFI NIH and IX)F tend t4> confirm the pressua tor a douliling ot the 
current level »)f funding for academic science, which amounts toah>ut billum a vear l"his 
huge sum could* I lH?tievc. !)e effectively deployed in two or three fiscal years 

Beyond this» in future years, I would argue that tfie growth ot four (KTcent \Kr vear in the 
numlxrr of academic sc ientists and the complexity tactor growth esitmatc of five {X-rcent [xr veatr 
imply that a sustained tlt)urishing of academic research reijuiRN annual real gri»ulh A eight to 
ten fK-rccnt. It has been estimated that this kind 4>f growth would move the {5ro|»osal success rate 
in NSK and NIH rloser to SO percent fn>m the present muc^ Iohit levels. Such an increment 
may sound sulistantial in our current climate, IhH as the econ *nv resjionds, academic research 
would remain only a tiny fraction of total federal s|Xfnding fo*^ tiany decades. Furthermore, ev en 
with such increases, it would be a dt*cade or twt) before our level <^f nondefense resc^arch exjxndi- 
ture proptjrtionai toCiNP would equal the 198^ levels tif Japan or West (iermanv 

Can we afford this kind of moneyr In l9Kn, the IVesident of the I 'nited States ctmvinccd the 
Congress and the American people that we must double the defense budget to i<MH> billion a 




sxikv. ITiis ua> iiom and N>mch<m the irMun) was able to al>v)rl> the losI. In V^W, the threat tu 
the strcurit)' t)t'thc nation Wcs in an cniian^cmJ scicntifu int'rastrutturf. "Ihc rcquiri."d sums art' 
sul>stantialiy MtutUcr "llic dinner t> Ic»n^ ttrni but the h^ri^cr wr wait» the more dil'luult will Ix* 
the renu'diation. 

u,s tor the moment Ui^cej^t that this irni*stmei)t m scierke f'undui^ is w tact rcqutrcd. I low 
sliall we priKced: In the f>resent climate of deficits and ocalatm^ demands on the federal l)ud^et, 
there arises a tundan^ental [x»l!c\ dilemma. ITie federal deficit, the savings and Kxm bailout, the 
PciMan (iult crisis aa* real and immediine. ITie crisis oi' American science, no nwHcr how seri- 
ous, is a Itmg-tenn atVair— it is for our thikiren and our children s children. (Mven the charai- 
teristic short-term phiK>s^iphy thiU has diuninated American f>>lic> for the j\ist several Jecadt^, 
we have no illusions its tt) the pmbable fate of'4>ur rc\ommendatit)n. 

Ne\erthelcss» strong efforts must Ixr made jtnmediateK to >trengthen federal f unding ior re- 
search. Appropriations of' NSK MI IX)l., and t)ther federal ageiKics that supfx^rt academic 
research should Ik* increased sharply as nnm as [Possible. Iie\ond this, howe\'cr, in order to alle- 
viate the dilemma of short-term priorities and lt>ng-term pn^blems, I recommend that serious ef 
torts Ik* made to find innovative ways tt) fund ac^uJemic research on a national scale misiJc ol the 
reg:ular federal budget. One approach might !k to establish a trust fund supj^orted by sptvial 
taxes on high technology consumer pniducts that iK'nellt frt>n^ basu research. An*>ther |>ovsibrbt» 
is tt) form a partnership between the government and the m\ x-stment conimunity C )ne can con- 
template government [>t>'ids, designated for research, \Mth intea'st ke\cx{ t*» the returns on that 
research. 

lo investigate such [x^ssibilities and others, I am reconunendtng that a CttmmisMon Ik estab- 
hshed consisting of reprcNcntativc-s fVoni the I-.xeiutive and l>egislati\e Branches *)f the federal 
gtjvernment, industry; the fuiancial commumtv, ami the atademu umimumtv, W.A.S >hi>uki take 
the initiative in promoting arnl organi/ing such a ConHnivsion. 

In addition to examining funding mechanisms, the CommivMon inuld also look al vva\s t>t 
improving the efficienc\ and the strategic planning of rest*arch funding and ways of assuring 
that awiidemic research serves the nation most eftectiveh. An asNorfment of problems we ha\e not 
k'cn able to address in this rejx^rt cn tt)r attention. I am, tif course, aware that atademu s*.ieiKe 
IS not the onh conifxinent of higher educat}tin» and that the health of academia as a wht»le must 
Ixr addressed. I 'niversity i\sues such 4^ graduate student su|>p>rt, the effat of new U\ )xthues 
on philanthrop), student sti[Kmds and the iihilm of institutions f4> raise capital should k' exam 
ined whea* relevant to the research environment, llie contentious ivsues of balance Ixlween t«ig 
science projects and individu*il invc^sligator resciirch, and the n»Ie of centers versus f>roit\t gr.^itN 
also demand attention. It seems entirely appropriate for A A \S. tt. tollaiii >r.itu>n wifh i'ther ^r^.i 
ni/^tions, to fijster creation of a Ci>mnnssion to make a fvruid studv of what tt will take to make 
I *.S science whole again and tn ciesign an apprnpnate stratcg\. 1 stress that the time is short md 
the issues are urgent. 

In concentrating on fuikhng, I am aware that there is much we nuM d ) in th*^' cnkial rfcvic 
tties which connect research resuhs to economic utihtv. {Tiese m\o[\e subtktres of tcchnol 
transfer, tax laws, marketing and other functions which the academic commumtv ha- rrad»tinnal 
ly Ignored, but with which it must learn to interface mtire gracefully. Ilie Commission should 
include this im|x>rtant area in its charge. 

A|>a"t from establishing the C omniission, the A/VXS H<>ard should niitkc thr i(>nu!Uin'vJti>iti 
tit the precarious state of I '.S. nittKC a hifjh j)rn>rity. I ht !h st ctVort"* dJ the Avm* utmn tnust In- 
apflicd t«»trcatf an oin»n>iimtnf where the health i>! AtVierKan Mienu is ah.'c'i\ [-crieiva! ti. In- 
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essential to the future of our natii>n, lu that end, \j\AS mu^ pn>vidc leadership in rallying all 
segments of t>ur society to the cau^se of rescuing U.S. science. 

I ctmclude this report with an exccrj^ from Vannevar BushV landmark rejiort, Scifme, the 
EnJlfss Ffvniier, which in 1945, iiet the nation on a course that has had proftmnd consequences 
fur Its tt-ell being: 

/; ^ Ar» hasu Cmiei/Sja^ po/uy ihaf iin^mrnent skmJJ f^ier tht optnmf^ of w^- 
frrmlfm if opentti the seas to iltp^ s^sps a$$Jfitmis^rJ /anj fhr ptofwrrs. Althmj^h these 
frmfirn hjve more or ksf dtsappearrd^ rhe frpntter ^ u tefur rtmdins. It is tn kfrpm^ "suh 
the Amertiiin traJtifon — me w^uh kas rfukie rhr Vmte J States great — t/mf nrr fnmtters 
shaJ/ he maJe ut tess$i^f for Jnr/i^ment ^> aJ/ Amerkdn atn^. 

Moreover^ sime health, vceii-hetng^ and se<tinty are proper ^rmierfu tif it<Krmmeni, snen- 
tffi{ pro^m and must he, of %*$tai interest ta (Stn^ertment. Wtthmtf m frfstifit prtf^rrss the 
natimkii health uvu/J Jetefwate; Without a teniith pfvgreis Ctv louiJ 9^ h&pe fur tmpr^^ 
mens tn ^r ssunJard ^'in*tng or ^r an mrrased nupther of fohs for our anzens, anJ U'Uhout 
.ujr*ir$fh proj^ess xiY iott/J mt ka\e mamaineJ our Itherttes a^amt tyranny. 
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